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(54) Method for amplification of a base sequence 



(57) The present invention relates to a method for 
the amplification of a base sequence A1 A2 consisting of 
two successive base sequences, A1 and A2, in a single 
strand polynucleotide as an object to be amplified char- 
acterized in that said method comprising at least (1) 
hybridizing a probe B consisting of a polynucleotide 
comprising the base sequence B1 complementary to 
said base sequence AT, a polynucleotide comprising 
the base sequence B2 complementary to said base 
sequence A2 and a linkage portion linking the two poly- 
nucleotide via itself, with the base sequence A1A2 of 
said polynucleotide, as the object to be amplified, to 
form a hybrid, (2) ligating the 5*-end of the base 
sequence B1 in said probe B to the 3'-end of the base 
sequence B2 in the same with the aid of ligase, (3) heat 
denaturating the double strand formed said hybridiza- 
tion, (4) hybridizing said heat denaturated polynucle- 
otide complex with another probe B or a probe A 
consisting of a polynucleotide comprising said base 
sequence A1, a polynucleotide comprising said base 
sequence A2 and a linkage portion linking the two poly- 
nucleotide via itself, and (5) ligating 5'-end of the base 
sequence B1 in said probe B to the 3'-end of the base 
sequence B2 in the same, or 3*-end of the base 
sequence A1 in said probe A to the 5'-end of the base 
sequence A2 in the same with the aid of ligase. 
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Description 

BACKGROUND OF THE INVENTION 
5 Held of the Invention 

This invention relates to a method for the amplification of a base sequence with high sensitivity and high specificity, 
wherein the method uses a probe for ligase chain reaction(LCR) and enables to identify a single base difference accu- 
rately and to facilitate the separation of unreacted probes, and to a method for the detection of a base sequence by 
10 means of said amplification method. 

Related Background Art 

Generally, in a blotted membrane, a fixed cell and the like, a method for detecting the location of an object to be 
is detected (for example, base sequences such as polynucleotide or oligonucleotide) requires that the method has (1)high 
sensitivity which enables to detect a trace of the object to be detected, (2) high specificity to the object to be detected 
for reducing background as much as possible, (3) high discrimination to enable the accurate identification of a single 
base difference and (4) high affinity for the object to be detected to facilitate the removal of excessive unreacted probes 
and the like. 

20 In conventional methods using hybridization, a fixed object to be detected hybridize with a labeled probe to form a 
hybrid and the location of the object to be detected is determined by means of detecting said label. Among those meth- 
ods, for example southern hybridization, northern hybridization and in suit hybridization are well known. 

However, in the above-mentioned hybridization methods, the amplification of the object to be detected is not carried 
Out prior to the detecting operation, and thus the detecting sensitivity is low. Also, there is the problem that prior meth- 

25 ods require a long period of from several hours to several days to detect a trace of the object to be detected. Further- 
more, the probe does not have sufficiently high specificity to the object to be detected, so that there are some problem 
for example that an accurate discrimination of a single base difference and the like are impossible, that specificity and 
identification for the object to be detected are low and that background is high. Furthermore, there are some problems 
that separation of unreacted probes from the others has a lot of elements of trial and error, and also that it is difficult to 

30 use rigorous or complete washing condition. 

SUMARRY OF THE INVENTION 

For solving the above-mentioned problems accompanied with prior arts, the method has been considered which 

35 contains a amplification step before detecting an object to be detected, and for example in suit polymerase chain reac- 
tion has been developed by combining in situ hybridization with polymerase chain reaction (PCR). However, this 
method is superior in the point that it has high sensitivity because of accompanying amplification, on the contrary, the 
disadvantage is highly possible that the background increase because of its low specificity. Furthermore, the method 
does not dissolve the problem of an accurate discrimination of a single base difference. Furthermore, there is the prob- 

40 lem that an operation for removing unreacted probes, for example a washing operation is limited because of amplified 
products not being fixed to the object to be detected, and thus the detection of the amplified products is difficult 

On the other hand, ligase chain reaction (LCR) is known as an amplification method which is based on a principle 
different from that of the above-mentioned PCR method, and has excellent properties (EP-A-320,308, Barany, Proc. 
Natl. Acad. Sci., 88, 189 (1991)). LCR, compared with PCR, has the advantage that it generally has high specificity to 

45 an object to be detected and thus it enable to detect the object with low background. Furthermore LC R is known as hav- 
ing relatively high ability for identifying a single base difference accurately. However, in the case of detecting the location 
of an object to be detected by means of LCR method, separating unreacted probes from reacted probes is difficult 
because of reacted probes not being fixed to the object, and also the problem is remained that detecting the object with 
one step is difficult because of the need of extracting and separating operations, such as gel electrophoresis to detect 

so the amplified product. These problems make LCR method seem to be insufficient to detect the location of an object to 
be detected. 

On the other hand, the method is known in which a probe for forming the hybrid is tightly fixed to the base sequence 
of an object to be detected on the occasion of hybridization (Landegren et al, Science, 265, 2085 (1994)). Accordingly, 
in this method it seems to be easy that unreacted probes are separated by for example washing operation and that an 
55 object to be detected is detected. Also a reaction on the occasion of fixation is occurred only in the case of the accurate 
hybrid formation of both end parts of a probe, so that the method seems to have high specificity and accurate discrim- 
ination of a single base difference. However, this method leaves the problem that its detecting sensitivity is low because 
of not accompanying an operation for the amplification reaction prior to detecting an object to be detected. 

Accordingly, in a blotted membrane, a fixed cell and the like, there in no method for detecting the location of an 
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object to be detected (for example, base sequences such as polynucleotide or oligonucleotide) which method has 
(1)high sensitivity which enables to detect a trace of the object to be detected, (2) high specificity to the object to be 
detected for reducing background as much as possible, (3) high discrimination to enable the accurate identification of 
a single base difference and (4) high affinity for the object to be detected to facilitate the removal of excessive unreacted 

5 probes and the like, and thus the development of such method is strongly desired. 

The inventors of the present invention, as a result that they have researched devotedly to establish the above-men- 
tioned desires, have found out that by preparing a probe with noble structure and by amplifying by means of LCR 
method as an operation prior to detecting an object to be detected, the detection method has (1)high sensitivity which 
enables to detect a trace of the object to be detected, (2) high specificity to the object to be detected for reducing back- 

10 ground as much as possible, (3) high discrimination to enable the accurate identification of a single base difference and 
(4) high affinity for the object to be detected to facilitate the removal of excessive unreacted probes and the like, and 
thus have completed the present invention. 

The present invention will become more fully understood from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illustration only, and thus are not to be considered as limiting the 

is present invention. 

Further scope of applicability of the present invention will become apparent from the detailed description given 
hereinafter. However, it should be understood that the detailed description and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those skilled in the art from this detailed description. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the electrophoresis running pattern of the products of Example. T represents the target, P represents 
the probe X or Y, 2 P represents the hybrid which is formed from one probe X and one probe Y, 3 P represents the hybrid 
25 which formed from totally three of probe X and Y, 1 L-6 L represent the one in which probe A and B are circularized by 
means of ligase and concatenated, and the numerals 1 - 6 represents the number of probes. 

Fig. 2 shows outlines of the principle of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 

The present invention will be explained in more detail in reference to some embodiments of the invention. In other 
words, the present invention relates to a method for the amplification of a base sequence, wherein use is made of two 
kinds of probes for the LCR amplification reaction and the base sequence is amplified by the LCR method while the 
amplification product is fixed to an object to be detected, and thus unreacted probes can be removed completely by 
35 means of washing and the like after the amplification operation. 

Concretely, the present invention relates to a method for the amplification of a base sequence wherein among four 
kinds of probes which are necessary for usual LCR method, the probe which consists of two probes to be adjacent on 
the base sequence chain and to be linked by ligase reaction and a suitable linkage portion linking the two probes via 
the linkage portion itself, and the probe which consists of two probes to be adjacent on the complementary chain to the 
40 base sequence and to be linked by ligase reaction and a suitable linkage portion linking the two probes via the linkage 
portion itself, are prepared, after which LCR method is effected, and then circularizing and concatenating the probe 
specific to the base sequence to be detected with the aid of ligase. 

Furthermore the present invention relates to a method for the detection of a base sequence by labeling the probes 
and measuring the presence or variation of the base sequence to be detected in the above-mentioned base sequence 
45 amplification method according to the present invention. 

More particularly, the present invention relates to a method for the amplification of a base sequence A1 A2 consist- 
ing of two successive base sequences, A1 and A2 t in a single strand polynucleotide as an object to be amplified char- 
acterized in that said method comprising at least (1) hybridizing a probe B consisting of a polynucleotide comprising the 
base sequence B1 complementary to said base sequence A1 , a polynucleotide comprising the base sequence B2 corn- 
so plementary to said base sequence A2 and a linkage portion linking the two polynucleotides via itself, with the base 
sequence A1 A2 of the polynucleotide, as the object to be amplified, to form the hybrid, (2) ligating the 5 -end of the base 
sequence B1 in said probe B to the 3 -end of the base sequence B2 in the same with the aid of ligase, (3) heat dena- 
turating the double strand formed said hybridization, (4) hybridizing said heat denaturated polynucleotide complex with 
another probe B or a probe A consisting of a polynucleotide comprising said base sequence A1 , a polynucleotide com- 
55 prising said base sequence A2 and a linkage portion linking the two polynucleotides via itself, and (5) ligating 5'-end of 
the base sequence B1 in said another probe B to the 3*-end of the base sequence B2 in the same, or 3*-end of the base 
sequence A1 in said probe A to the 5'-end of the base sequence A2 in the same with the aid of ligase. 

Also the present invention relates the method for the amplification of the base sequence characterized in that fur- 
ther the steps (3) to (5) are repeated. 
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Also, the present invention relates the method for the amplification of the base sequence characterized in that said 
linkage portion comprises at least polynucleotide or hexaethyteneglycol. 

Also the present invention relates to the method for the amplification of the base sequence characterized in that the 
length of said linkage portion is at least 1 .2 to 3 times as long as that of the base sequence A1 A2. 
5 Also the present invention relates to the method for the amplification of the base sequence characterized in that in 
said probe A a linkage portion is linked to 5'-end of the base sequence A1 and linked to 3*-end of the base sequence 
A2 via itself linkage portion, or in said probe B a linkage portion is linked to 3'-end of the base sequence B1 and linked 
to 5 -end of the base sequence B2 via said linkage portion. 

Also the present invention relates to the method for the amplification of the base sequence characterized in that in 
10 said polynucleotide complex said single strand polynucleotide to be amplified is concatenated with said probe B via the 
cyclic structure of said probe B formed by said ligation. 

Furthermore, the present invention relates to the method for the amplification of the base sequence characterized 
in that in said amplified product said single strand polynucleotide to be amplified is concatenated with said probe A via 
the cyclic structure of said probe A and the cyclic structure of said probe B formed by said ligation. 
75 Furthermore, the present invention relates to the method for the detection of a base sequence characterized in that 
said method detects the amplified product produced by the base sequence amplification method. 

Also, the present invention relates to the method for the detection of the base sequence characterized in that use 
is made of said probe A labeled or said probe B labeled by using a labeling agent 

Also, the present invention relates to the method for the detection of the base sequence characterized in that said 
20 labeling agent is selected from the group consisting of a radioisotope, a fluorescence, a digoxigenin and biotin. 

Polynucleotide as an object to be detected 

Polynucleotide used in the present invention is particularly not limited, and detection can be suitably made of poly- 
25 nucleotide, oligonucleotide and the like which can be used in a usual hybridization reaction and LCR reaction. Further- 
more, the existence forms of the polynucleotide to be detected is particularly not limited, and it may be in a solution or 
fixed on a blotting membrane or the like. A usual LCR reaction condition is applicable in any existence form. 

Although there is not a limitation particularly about kind, length of the base sequence to be detected in a specimen, 
the base sequence needs to be known. For this reason, the base sequence to be detected can be determined by 
30 means of a usual base sequence analysis, for example, dideoxy method (Sanger F. et al., Proc. Natl. Acad. Sci. USA, 
74,5463(1977)). 

Probe A and B. and linkage portion 

35 Both of two kinds of the LCR probes, A and B, used in the present invention have base sequences for forming the 
hybrid at both ends, and have the structure in which the base sequences are linked by means of a suitable length of 
linkage portion. 

The base sequence of the above-mentioned essential probe A and probe B and the structure of the linkage portion 
are depend on the base sequence to be detected in a specimen In other words, if the base sequence to be detected 

40 is successive base sequence A1 A2 consisting of A1 and A2, the number of bases of A1 or A2 is not particularly limited. 
Generally, the number is not limited even if it is adapted to the condition used for LCR method. Preferably, the base 
number of the base sequence A1 is approximately equal to that of the base sequence of A2. In this case the section in 
which the phosphoric ester bond is occurred with the aid of ligation after hybridization is located at the approximately 
center of the base sequence A1 and A2. 

45 Furthermore, in the probe A according to the present invention the polynucleotide of the above-mentioned base 
sequence A1 is linked to the polynucleotide of the base sequence A2 via the above-mentioned linkage. The preparation 
of each base sequence of A1 and A2 is not particularly limited, and known synthetic methods for oligo- or polynucle- 
otide can be used. Otherwise, those sequences can be synthesized by means of a usually commercial DNA synthesizer 
and the like (Hirao ichiro, "new basic biochemical experiment method 7, genetic engineering", Meruzen Publishers, 

so 1998). 

Similarly, the probe B according to the present invention consists of the polynucleotide comprising the base 
sequence B1 complementary to the above-mentioned base sequence A1, the polynucleotide comprising the base 
sequence B2 complementary to the above-mentioned base sequence A2, and the linkage portion linking those polynu- 
cleotide via itself. Each of the base sequence B1 , B2 can be synthesized by using a method similar to that for the probe 

55 A. 

Furthermore, in the present invention the base sequence A1 is linked to the base sequence A2 via a linkage portion 
to form a single strand probe A. Similarly, the base sequence B1 is linked to the base sequence B2 via a linkage portion 
to form a single strand probe B. The position of the linkage portion and kind and length of the linkage group used in the 
probe A or B are not particularly limited. The linkage may be required not to inhibit the hybridization between the hybrid 
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forming base sequence of the probe A or B and polynucleotide to be detected, and to be stable under a usual LCR con- 
dition. 

Accordingly, in the present invention the linkage position is not particularly limited, and depending on the Kind of the 
linkage group, there may be some cases, for example, the case in which the linkage is preferably performed at 3' or 5' 
5 end and the case in which the linkage is preferably performed at a position several bases departing from the end. 

Furthermore it seems to be necessary that the linkage position is sufficiently distant from the active center of the 
ligase so as not to inhibit the reaction by ligase. 

The above-mentioned probe B is complementary to the polynucleotide to be detected under a hybridization condi- 
tion and forms the hybrid with it. Furthermore, the double strand structure seems to yield, when forming the comple- 
w mentary double strand, accordingly, the probe B becomes cyclic the base sequence B1 and B2 with the aid of ligase, 
so that the structure may be formed in which the single chain of the polynucleotide to be detected pass through the ring 
of said cyclic probe. 

When forming the structure, if the length of the linkage portion is too short, the above-mentioned hybridization 
becomes insufficient and the above-mentioned double strand formation becomes insufficient and thus it is difficult that 
is the single strand of the polynucleotide to be detected passes through the ring of said cyclic probe and that the polynu- 
cleotide and the probe are fixed together. Accordingly, the linkage portion seems to be required to have its length at 
least 1 .2 - 3 times as long as that of the base sequence A1 A2 to be detected. The proper length of the linkage portion 
is able to be chosen suitably in response to kind of the linkage group and the length of the base sequence to be 
detected and the like. 

20 The linkage portion and the linkage group used in the present invention are not particularly limited, and any kind, 
length and structure of linkage group may be used. 

If for example oligonucleotide is used as a linkage portion, it is desirable that the oligonucleotide does not prevent 
the hybrid formation between the probe and the polynucleotide to be detected, and in this case the linkage portion can 
be synthesized with the probe simultaneously. For example, in one preferable embodiment according to the present 

25 invention use is made of poly-T as the above-mentioned linkage portion. 

Generally, the linkage portion of polynucleotide is preferably-not complementary to base sequences in the speci- 
men to reduce background. Furthermore, preferably the linkage portion do not prevent ligation, and are not comple- 
mentary to the base sequence to be detected to enable to identify a single base difference. Furthermore, preferably 
linkage portions have any sequence which is difficult to form a special structure such as hammer head so as to avoid 

30 lack of the length of the linkage portion due to the formation of a special structure. 

Furthermore, preferably use is made of polyether alcohol such as hexaethyleneglycol as a linkage portion (A. Jae- 
chke, et at. Tetrahedron Lett. 34,301,1993). A connection between said linkage group and the above-mentioned probe 
base sequence is not limited, and for example when using DNA synthesizer, hexaethyleneglycol portion can be pre- 
pared simultaneously (for example, Clontech Inc., Spacer Phosphoramidite, Zhang, Y et at, Nucleic Acids Res., 

35 19,3929.1991) . Using hexaethyleneglycol as a linkage group enables to prepare a long chain by means of small 
number of synthesizing steps, and thus yield of synthesis seems to be good. 

LgR reaction 

40 LCR condition which can be used in the present invention is not limited, and is performed according to a standard 
procedure (EP-A-320,308, Barany F. Proc. Natl. Acad. Sci. USA, 88, 189 (1991)). For example, as ligase use is prefer- 
ably made of ligase which are heat-resistant and can bind only to two successive DNAs hybridized on the complemen- 
tary chain, such as Pfu Ligase of Stratagene lnc.(?) Also reaction solution composition is chosen according to the 
condition for use of the above-mentioned ligase. 

45 Also, commercially available LCR reaction kit (for example LCR kit ex STRATAGENE Inc.) can be used. The setting 
of Thermal cycle is not limited, and a usual condition can be used suitably. The number of cycle is not limited, and can 
be set depending on the initial concentration of the object to be detected, the detection method for amplified products, 
the occurrence of non-specific amplification and the like. 

The present invention contains furthermore that the probe A hybridizes with the above-mentioned cyclic probe B or 

so the probe B hybridizes with the object to be detected, and that the probe A or B is circularized by ligation. For this pur- 
pose, firstly the above-mentioned probe B is circularized by ligation and then the resultant double strand is heat-dena- 
tured to be detached. A condition for the heat denaturation is not limited, and use can be made of a condition according 
to the condition used for usual PCR or LCR. For example, use can suitably be made of the condition of at 92°C for 1 
minute. In this case, for example the probe A which hybridizes with the cyclic probe B consists of a polynucleotide com- 

55 prising the base sequence A1, a polynucleotide comprising the base sequence A2 and a linkage portion linking the 
polynucleotide via itself. The probe A hybridizes with the probe B circularized. In this case, the base sequence A1 A2 of 
the probe A is complementary to the base sequence B1 B2 of the probe B and can hybridize with it. Furthermore, after 
hybridization the double strand structure can be yield. Circularizing the probe A by ligation according to the LCR condi- 
tion lead the complex in which the cyclic probe B and A concatenate each other to form chain structure, so that a poly- 
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nucleotide to be detected and the probe and fixed together. The condition to be used in this case is similar as the 
condition explained in the above. 

- In the present invention the above-mentioned steps can be repeated the desired number of times. The amplif ication 
reaction for the mixture of probe A and probe B by using usual LCR condition leads to form a high molecular weight 
5 amplified product in which many of the cyclic probe A or 8 are fixed to the polynucleotide single chain to be detected 
and concatenated each other. 

The base sequence of the probe prepared in this case is complementary to the base sequence to be detected, and 
thus high specificity is attained in the above-mentioned LCR reaction. Accordingly, background can be extremely low. 
Furthermore, most of the amplified (cyclic) probe A or B have the structure in which they is fixed each other by 
10 means of chain structure and moreover is fixed to the polynucleotide single strand to be detected. 

Detsgtipn of p^ynuclQQtkte to to detected 

Accordingly, after the reaction of the present invention, the polynucleotide to be detected, at which cyclic probe A 
15 and cyclic probe B are located, is detected with very easy. For example, said probe A and B can be labeled by means 
of various labeling methods and the detection can easily be effected because of the signal from the label localizing at 
the object to be detected. A labeling method which can be used in the present invention is not limited, and use is made 
of known labeling methods. For example, use is made of labeling with a radioactive isotope, digoxigenin or a fluores- 
cence reagent, and the like. 

20 Furthermore, in the present invention it can easily be effected to remove excess or unreacted reagents, labeled 
probes and the like. For example, if the present invention is practiced in solid phase, by means of repeating washing as 
many as necessary excess or unreacted reagents, labeled probes and the like can be removed. The affinity between 
cyclic probes fixed each other by means of chain structure and the object to be detected is extremely high, so that the 
affinity hardly be broken by a normal washing procedure. 

25 In the present invention a position for labeling is not limited and can be any part of a probe as long as not preventing 
ligation. 

Though the present invention seems to be particularly useful for the detection of a target nucleic acid which fixed 
on a solid phase, also can be utilized for methods for labeling, modifying, detecting and the like for a target nucleic acid 
in liquid phase. In this case, since a new product with high molecular weight is yielded after completing the reaction 
30 according to the present invention, the confirmation can be effected by usual gel electrophoresis and the like. 

Example 

The present invention will be explained with the reference to the following example. However it is to be understood 
35 that the present invention is not intended to be limited to the specific embodiment and variations may be made by one 
skilled in the art without departing from the spirit and scope of the present invention. 

(l)Synthesis of probe X, probe Y and target nucleic acid 

40 Oligonucleotide having the base sequences described in the sequence identification numbers 1 , 2 and 3 are syn- 
thesized as probe X, probe Y and target, respectively, and use is made of those. Probe X and Y are synthesized by 
means of DNA synthesizer Model 394 (Perkin Elmer Inc.), and the target is synthesized by means of DNA synthesizer 
Expedite 8909 (Perseptive BioSystems Inc.). The resultant oligo-DNA are isolated and purified by means of reverse 
phase high performance liquid chromatograph (HPLC). 

45 The purification condition is as follows: 





Oligo-DNA 


probe X,Y 


target 


50 


HPLC system 


Shimazu Seisakusyo 


LC-6A Waters 800 




HPLC column 


capsule pack C18 


delta packet 8 




elution solvent 


acetonitrile 15 - 40%/0.05 M TEAA 




buffer solution flow rate 


1 .0 ml/minute 




55 


detection wave length 


254 nm 





The prepared oligo-DNA is recognized as a single peak. 
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^Phosphorylation of 5'-end of probe X and probe Y 

S'-ends of probe X and probe Y obtained in the above are phosphorylated by the following method, respectively, in 
other words, 50 pi of the solution, containing the above-mentioned probe (50 pmol), ATP (1 .5 nmol), T4 polynucleotide 
5 kinase (20 U, Takara copr.), MgCI 2 (10 mM), dHhiothreitol(DTT) (50 mM), glycerol (5%) and Tris-HCI (50 mM, pH 9.5), 
is reacted at 37 °C for 30 minutes. After which T4 polynucleotide kinase is added to the solution so as to be 20 U and 
reacted at 37°C for 30 minutes. 

(3) LCR reaction 

By using the LCR kit of STRATAGENE Inc., LCR is effected according to the following condition. The reaction solu- 
tion is 20jxl and its composition consists of Tris-HCI (20 mM, pH 7.5), KCi (20 mM), MgCfe (10 mM), NP-40 (surface 
active agent, STRATAGENE Inc., 0.1 %), ATP (0.1 mM), dithiothrertol (1 mM), salmon sperm DNA (500 ng) and PfuDNA 
ligase (4 U). To this solution the above-mentioned probe X or Y (5 pmol) or the target (0.5 pmol) were added according 
to the following table. 



sample No. 


1 


2 


3 


4 


5 


6 


probe X 


+ 


+ 


+ 


+ 






probe Y 


+ 


+ 






+ 


+ 


target 


+ 




+ 




+ 




+ : present 
- : absent 



By means of Thermal cycler (Perkin Elmer Inc.), GeneAmp PCR System 9600), the reaction is effected firstly at 92 
30 °C for 1 minute and followed by at 60 °C for 3 minutes, upon which the reaction cycle of at 92 °C for 1 minute and at 60 
°C for 1 minute is repeated 25 times. 

(4) The above-mentioned reaction mixture was separated by polyacrylamide gel electrophoresis (use being made of 
polyacrylamrde homogeneous gel, 7.5 % concentration), after which each product was measured. 

35 

Referring to Fig. 1, electrophoresis running patters are shown of the above-mentioned reaction mixture (lanes 1- 
6), probe X (5 pmol, lane 7), probe Y (5 pmol, lane 8) and the target (1 pmol, lane 9). 

As shown in Hg. 1 , the band P is seen on the lanes 1 - 8 and is derived from probe X or Y, and the band T on the 
lane 9 is derived from the target 
40 As shown in the figure, only the lane 1 shows that many bands with high molecular weight is produced. To produce 
such bands, it is necessary that the above-mentioned probe X, Y and target exist together. Accordingly, this results 
shows that the probe X and Y and the target exist together and are fixed together. 

Also, the distribution of molecular weight as seen in the figure 2 clearly shows that in this example according to the 
present invention the existence is recognized of the amplified product comprising at feast six probes. 
45 The gene amplification detection method according to the present invention is characterized in that the method has 
high sensitivity, high specificity and ability for detecting a single base difference as same extent as LCR, and the ampli- 
fied product is tightly fixed to the target nucleic acid. Accordingly, the present invention enable the detection more excel- 
lent than prior art in the detection of target nucleic add fixed on solid phase. Also the present invention is useful as a 
nobel labeling, modifying and detecting method for the target nucleic acid in liquid phase. 
so From the invention thus described, it will be obvious that the invention may be varied in many ways. Such variations 
are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included within the scope of the following claims. 

The basic Japanese Application No.1 77768/1995 filed on July 13, 1995 is hereby incorporated by reference. 

55 
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SEQUENCE LISTING 

( 1 ) INFORMATION FOR SEQ ID No:l: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 90 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA (oligonucleotide) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l 

TGCCTGCAGG TCGACTCTAG TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT 
TTTTTTTTTT TTTTTTTTTT CGGCCAGTGC CAAGCTTGCA 

(2) INFORMATION FOR SEQ ID No:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 90 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA (oligonucleotide) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

TGCAAGCTTG GCACTGGCCG TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT 
TTTTTTTTTT TTTTTTTTTT CTAGAGTCGA CCTGCAGGCA 

( 3 ) INFORMATION FOR SEQ ID No:l: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) 



LENGTH: 50 base pairs 



(B) 



TYPE: nucleic acid 



(C) 



STRANDEDNES5 : single 



(D) 



TOPOLOGY: linear 



(ii) MOLECULE TYPE: synthetic DNA (oligonucleotide) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 



TTTTTCTAGA GTCGACCTGC AGGCATGCAA GCTTGGCACT GGCCGTTTTT 



Claims 



1 . A method for the amplification of a base sequence A1 A2 consisting of two successive base sequences, A1 and A2 t 
in a single strand polynucleotide as an object to be amplified characterized in that said method comprising at least 

(1) hybridizing a probe B consisting of a polynucleotide comprising the base sequence B1 complementary to 
said base sequence A1, a polynucleotide comprising the base sequence B2 complementary to said base 
sequence A2 and a linkage portion linking the two polynudeotide via itself, with the base sequence A1A2 of 
the polynudeotide, as the object to be amplified, to form the hybrid, 

(2) Iigating the 5'-end of the base sequence B1 in said probe B to the 3 -end of the base sequence B2 in the 
same with the aid of ligase, 

(3) heat denaturating the double strand formed said hybridization, 

(4) hybridizing said heat denaturated polynucleotide complex with another probe B or a probe A consisting of a 
polynucleotide comprising said base sequence A1, a polynucleotide comprising said base sequence A2 and a 
linkage portion linking the two polynucleotide via itself, and 

(5) ligating 5'-end of the base sequence B1 in said another probe B to the 3'-end of the base sequence B2 in 
the same, or 3*-end of the base sequence A1 in said probe A to the 5'-end of the base sequence A2 in the same 
with the aid of ligase. 

2. The method for the amplification of the base sequence according to the claim 1 characterized in that further said 
steps (3) to (5) are repeated. 

3. The method for the amplification of the base sequence according to the claim 2 characterized in that said linkage 
portion comprises at least polynucleotide or hexaethyleneglycol. 

4. The method for the amplification of the base sequence according to any one of the claims 3 characterized in that 
the length of said linkage portion is at least 1 .2 to 3 times as long as that of the base sequence A1 A2. 

5. The method for the amplification of the base sequence according to any one of the claim 3 characterized in that in 
said probe A a linkage portion is linked to 5*-end of the base sequence A1 and linked to 3' -end of the base 
sequence A2 via itself, or in said probe B a linkage portion is linked to 3'-end of the base sequence B1 and linked 
to 5'-end of the base sequence B2 via itself. 

6. The method for the amplification of the base sequence according to the claim 2 characterized in that in said poly- 
nucleotide complex said single strand polynucleotide to be amplified is concatenated with said probe B via the 
cyclic structure of said probe B formed by said ligation. 

7. The method for the amplification of the base sequence according to the claim 2 characterized in that in said ampli- 
fied product said single strand polynucleotide to be amplified is concatenated with said probe A via the cyclic struc- 
ture of said probe A by said ligation and the cyclic structure of said probe B formed by said ligation. 
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8. A method for the detection of a base sequence characterized in that said method detects the amplified product pro- 
duced by the base sequence amplification method according to any one of the claim 1 . 

9. The method for the detection of the base sequence according to the claim 8 characterized in that use is made of 
said probe A labeled or said probe B labeled by using a labeling agent 

10. The method for the detection of the base sequence according to the claim 8 characterized in that said labeling 
agent is selected from the group consisting of radioisotope, fluorescence, digoxigenin and biotin. 
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Fig. I 
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Fig. 2 
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